Much work has been done on the efficiency and management development of enterprises in China since the implementation of economic reforms. It has been argued that the problem of skills incompentence of the workforce is one of the fundamental factors hindering the overall performance of enterprises in China, particularly the state-owned enterprises. At the same time, low efficiency performance was constantly found in previous work. However, not much is known in the underlying reasons for such low efficiency. The present study thus attempts to fill this gap with particular attention devoted to the effect of training provision on enterprise efficiency. Although training provision would lead to higher enterprise productivity, improvement in efficiency may not be guaranteed. Using data envelopment analysis (DEA), the present study examines the efficiency measures of the manufacturing enterprises in Shanghai by types of ownership and how the measures are associated with training provided by enterprises. Based on the output-based approach, training provision is found to be positively related to enterprise technical efficiency.
Introduction
The economic reform of China stimulates much research in analyzing the performance of enterprises. In terms of total factor productivity and enterprise efficiency, variations in these aspects by types of enterprise ownership are well documented. Empirical findings of such studies bring up the issue of enterprise performance during reform period. However, not much attempt has been done on investigating the underlying reasons for the observed enterprise performance. 2 Accordingly, the present study aims at filling the gap by estimating the enterprise efficiency and investigating the determinants of the estimated efficiency.
To address the efficiency of enterprises, parametric (stochastic frontier production function) or non-parametric (data envelopment analysis, DEA) approach will do.
Taking the advantage of DEA in minimal assumptions of the functional for the underlying technology and its flexibility in handling multi-output case, the present study, as with Zheng, Liu and Bigsten (1998) , uses DEA for calculating the efficiency measures of Chinese enterprises. Conventional DEA approach provides the efficiency measure of each individual enterprise relative to the sampled enterprises. While each enterprise can be efficiently operating on its production frontier, the industry output (outputs for the entire group of enterprises) may not be on the industry production 2 There are a few studies addressing the enterprise performance associating with reform measures such as management system and institutional policy. Huang and Kalirajan (1998) , Liu and Liu (1996) , and Zheng, frontier. In other words, industry outputs can be raised by reallocating resources among enterprises. This is particularly importance for the case of state-owned enterprises (SOEs) of which some of the inputs are still centrally distributed or allocated.
Accordingly, the present study improves upon the existing work of similar issue by estimating the productive efficiency of a group of firms which can be decomposed into:
(1) reallocative efficiency, (2) allocative efficiency, and (3) technical efficiency for multi-output multi-input production.
The Chinese economic transformation during the reform period brought about substantial growth of the economy. In return, it exposed the incompetence in the skill levels of the workforce. To cope with the situation, workers have been undergoing training. While upgraded labor quality allows enterprises to boost output, there is no priori believe that enterprises would operate more efficiently. It would be of enterprise interest if training is provided at efficient grounds. With limited availability of resources, effective and efficient usage of resources are crucial to the success of the enterprise. As pointed out by Cohen and Levinthal (1989) , Lucas (1993) , Hewitt and Wield (1992) , and Mody (1993) , enterprises' investment on the development of human resources and skills, particularly on-the-job training is one of the elements developing technological capability. This technological capability is the ability to adapt technology Liu and Bigsten (1998) are among the examples. imported or diffused from abroad and to incorporate any additional resources needed to manage and put in use the newly acquired technology (Aw and Batra 1998) . Thus, it can increase productivity without developing new technologies. For economy in transition such as China, such capability becomes an important and valuable asset in driving the success of enterprises and thus the economy as a whole. To shed light on this issue, the present study conducts a Tobit estimation on explaining the technical efficiency measure of enterprises with emphasis on the training provision of enterprises along with other determinants proposed by previous work.
The rest of the paper unfolds as follows. The next section outlines the estimation framework for productive efficiency measure of a group of firms and its decomposition, and the empirical findings. It is then followed by a summary on the determinants of enterprise efficiency. In the same section, the model specification for examining the various determinants of efficiency is presented together with the empirical results. The last section constitutes conclusions and discussion.
Efficiency of Enterprises

A. Estimation Framework
To address the efficiency of a firm as well as a group of firms, the present study adopts the efficiency measure framework developed in our earlier work (Li and Ng 1995) 3 . A number of firms form a production group. It was shown that when the individual firm technology is convex and linearly homogeneous, the group (the production group) technology can be known through the estimation of individual firm technology. Group technical efficiency (H) measures the maximum expansion ratio of the existing outputs given the existing input endowment and the group technology. Let the technology set of each individual firm be T = {(x,u): x can produce u}, where x is the vector of inputs and u is the vector of outputs. Then the group technical efficiency is
where K is the number of firms, T is convex, and (X,U) is the vector of total inputs and outputs of the K firms. The group technical efficiency can be decomposed into three components for multi-input multi-output case. That is, In terms of the scale of production, SOEs are of the largest. On average, the scale of SOEs is either 6 (11) times larger than all joint ventures (wholly foreign-owned enterprises). Again, SOEs posses the highest value of net fixed assets, followed by wholly foreign-owned enterprises. Given SOEs are of larger scale of production, it is not surprising to find that the number of production workers hired, that of technicians hired and that of managerial workers hired are much greater. For non-SOEs of nonAsian background, the average number of technicians and managerial workers are quite similar, about 50s and 30s, respectively. While lesser production workers are hired by wholly foreign-owned enterprises, no less than 220 production workers work in joint ventures of any national background.
Examining the training provision in Shanghai enterprises, relatively high trained.
To gain a better understanding on the efficiency of the enterprises, the efficiency measures described in the previous section is estimated for the 515 enterprises (the full sample) as well as for each subgroup of enterprises according to the ownership type. As shown in Table 2 , enterprises as a group is found to be inefficient. With existing inputs and group technology, over 5 time of existing output can be produced instead (group efficiency score of 5.2402). Individual enterprises operate inefficiently as well. 78%
more of the output can be produced if technical inefficiency (TE W ) is removed. Even individual enterprises are efficiently operating, enterprises as a group is still inefficient due to the reallocative aspect (RE). If inputs and resources efficiently reallocate within the group of enterprises, nearly 2 times more of output can be produced by these 515 enterprises. Accordingly, for the sampled enterprises, as a whole, inefficiency in group efficiency measure mainly arises from the reallocative aspect.
It is well documented that the performance of SOEs is relatively poor as compared to non-SOEs. Much research work has shown that SOEs are technically inefficient as compared to non-SOEs. The confirmation of such argument may not be held if efficiency measures are estimated separately by types of ownership. As in our case, SOEs are found to be relatively less technical inefficient (TE W ) as compared to the other three types of non-SOEs (Table 2 ). In contrast, as a group, SOEs are quite inefficient with a group efficient score of 4.5175. Relatively, wholly foreign-owned enterprises perform much better as a group, although they are found to be inefficient (value of 2.3915 for group efficiency). Among the four types of enterprises, there is much room for joint ventures to improve their technical inefficiency at enterprise level.
According to the figure shown in Table 2 , if joint ventures are technically efficient, on average, each of them is able to produce 155% more output.
Similar to the group efficiency scores pattern, SOEs are relatively less reallocatively efficient, a value of 3.1980, as compared to non-SOEs. Again, wholly foreign-owned enterprises are the most reallocative efficient among the four types of enterprises as well as among non-SOEs. Glancing from the efficiency measure components, the source of inefficiency raises from reallocative inefficiency for SOEs while technical inefficiency of individual enterprises is the main contributor of group inefficiency for non-SOEs. In other words, the state government could enhance the performance of SOEs by better management in reallocating resources among SOEs.
Determinants of Enterprise Efficiency
A. Enterprise Efficiency and Its Determinants
While much work has been one in examining the overall performance (total factor productivity or enterprise productivity and efficiency) of enterprises in transition economies such as China 4 , only a handful of work addresses the efficiency of enterprises and the determinants of efficiency during reform period. Among these efficiency studies, both parametric (mainly stochastic frontier approach) and nonparametric approach are found in the literature.
5
From a pure economic grounds, the larger the firm size, the higher the efficiency is expected. Large firm size allows enterprises to capture the advantages of scale economies, specialization, and availability of financial resources for investment in skills and technologies (Ahuja and Makjumdar 1998 , Deraniyagala 2001 , Zheng, Liu and Bigsten 1998 . On the other hand, a negative relationship between efficiency and firm size may arise from diseconomies in production due to problems of coordination, and management and supervision (Ahuja and Majumdar 1998, Deraniyagala 2001) .
With reference to economy in transition, larger firm size is usually associated with state ownership of which little competition is faced by enterprises and the issue of soft budget constraint is commonly found. Accordingly, a negative relationship between firm size and enterprise efficiency is reinforced. As argued by Ickes and Rtyerman (1992) , if central allocation of resources favors efficient enterprises based on the 4 Studies of Chinese enterprises can be found in Fung, Chow and Wan (1999) , Huang and Ducan (1997) , Li (1997) , Lo (1999) , and Zhuang (1998), Murakami, Liu and Otsuka (1994) , Perkins (1996) , Woo, Hai, Jin and Fan (1994), and Yao (1997) . 5 For studies using stochastic frontier approach, see Aw and Brata (1998), Brada, King and Ma (1997) , Chow and Fund (1997) , Deraniyagala (2001) , Huang and Kalirajan (1998) , Jones, Klinedinst and Rock (1998) , Kirkley, Squires and Strand (1998) , Liu and Liu (1996) . Ahuja and Majumdar (1998) , Burki and Terrell (1998) , Favero and Papi (1995) , and Zheng, Liu and Bigsten (1998) are among the examples taking the non-parametric approach.
criterion of best resource utilization, low efficiency is associated with larger firm size.
While a positive relationship between firm size and enterprise efficiency is found (Ahuja and Majumdar 1998 , Brada, King and Ma 1997 , Zheng, Liu and Bisten 1998 , studies of Chow and Fung (1997) and Liu and Liu (1996) indicate a mixed result.
Based on a sample of 153 manufacturing firms located in the city of Gujranwala, Pakistan, Burki and Terell (1998) argue and find that older firm is less efficient than younger firm. Additional 10 years of operation reduces efficiency by 3%. Their argument is that firms of longer years of establishment typically use outdated technologies. For state-owned enterprises, age of the enterprises is also associated with relative inefficiency due to the issue of soft budget constraint (Ahuja and Majumdar 1998) . Although Deraniyagala (2001) proposes that the possible of learning-by-doing over time may lead to an increase in efficiency, the result of the firm-level efficiency study of Sir Lankan clothing and agricultural machinery industries indicates an insignificant effect of the age of the firm on firm efficiency.
For developing economies, trading with the outside world becomes a source of exposure to international competition. Such exposure allows enterprises to gain benefits from scale economies, and have greater utilization of capacity (Aw and Batra 1998, Caves and Barton 1990) . A higher efficiency is thus expected for enterprises of export-oriented nature. Export orientation also induces pressure of competition, which is a stimulus to productivity efficiency (Aw and Batra 1998, Brada, King and Ma 1997) .
Accordingly, it is not surprising to find that in addition to the studies cited above, a positive relationship between export orientation and enterprise efficiency is found in Huang and Kalirajan (1997) 
B. Model Specification
Identifying the productivity inefficiency of firms as well as the group of firms only highlights the problem. To have a more thorough understanding of the problem, examining the sources of inefficiency becomes necessary and meaningful. In this regard, the estimated TE W discussed above is treated as dependent variable and regressed on a number of independent variables. Similar approach can be found in a number of studies 7 . In particular, the present study stresses the role played by training in affecting the productivity efficiency of enterprises (firms) Given the fact that the present study uses an output-oriented DEA approach, only efficient enterprise would have a value of one for the efficiency measure. For inefficient enterprises, their efficiency score has a value greater than one, indicating that more output can be produced with existing input mix. In other words, the dependent variable of the equation explaining the efficiency of enterprises has a lower bound value of one.
Tobit estimation is found to be appropriate.
C. Empirical Results
Similar to previous research work, the individual technical efficiency score of the full sample is regressed on various measures of training provided by enterprises and other determinants. Table 3 presents the Tobit regression results. With regard to training incidence, only training provided to junior managerial workers brings forth higher technical efficiency. Based on the size of the estimated coefficient, the enhancement in technical efficiency is much stronger through managerial training versus technical Bigsten (1998). training for this particular type of workers. In general, the more money spent on training, both technical and managerial training, a much higher level of technical efficiency is achieved by enterprises. The payoff is much larger for resources devoted to technical training (about 5% of the output) relative to managerial training (about 3% of the output). In terms of training intensity, only the number of technical training days matters in improving the technical efficiency of enterprises. One possible explanation is that, outcome of managerial training may be of intangible nature which is difficult to quantify.
As expected, non-SOEs are found to be relatively technical efficient. For joint ventures of any national background, the efficiency scores are 2.5 to 3.7 lower in value as compared to SOEs. Statistically, wholly foreign-owned enterprises do not possess any advantage over SOEs in efficiency measured from the technical aspect. One possible explanation is that joint ventures are able to capture the best of all, both
Chinese and overseas means of doing business.
As with other studies, the size of enterprises exerts a positive relationship with technical efficiency. Unlike most findings of developing country studies, export orientation does not enhance the technical efficiency of enterprises in Shanghai manufacturing industries. Similarly, the age of the enterprise is found to be insignificant in influencing efficiency. Factors accounting for difference in industrial sector or multi-establishment show no effect on efficiency of enterprises.
Conclusion
According to the efficiency estimation, the sampled enterprises are technically inefficiency from its own viewpoint as well as from a group's point of view. The decomposition of group technical efficiency highlights the relative reallocative inefficiency of the 515 enterprises. Similar DEA framework applies to each subgroup of enterprises, different pictures emerged. Although group technical inefficiency is found for all enterprise ownership groups, more serious inefficiency in reallocative aspect is found in the case of SOEs. In contrast, non-SOEs' inefficiency is mainly attributable to individual enterprise's technical inefficiency. Together with much high level of group technical inefficiency, SOEs have much room for improvement.
Particularly, effort should be placed on the reallocation of resources among SOEs.
For non-SOEs, wholly foreign-owned enterprises outperform the other two types of non-SOEs in all aspects of efficiency measures presented in Table 2 . This probably reflects the notion that complete and direct foreign investment allows enterprises to gain the full advantage of the latest production technology as well as the best management practices. The relative high technical inefficiency found in joint ventures of any national background could be a result of the lack of skill competence of the workforce, in particular managerial skill. It is popularized that shortage in managerial workers is commonly found in China (Warner 1988) .
Analyzing the determinants of technical efficiency of enterprises, supportive evidence of positive effect of training on efficiency is found for the present study. As shown in Table 3 , resources devoted to training, both managerial and technical training, induce an improvement in the technical efficiency of enterprises. Importantly, such improvement is found to be much stronger for technical training versus managerial training. It is probably the case that technical training is much easier to quantify and to be assessed. The results of the present study thus provide additional empirical evidence of technological capability hypothesis proposed by Aw and Batra (1998) .
Unlike previous work, export orientation exerts no impact on enterprise technical efficiency. Similar conclusion is drawn for the years of enterprise establishment. The significant and negative coefficient of net fixed assets variable provides support to the positive relationship between firm size and efficiency. In other words, the gain from economies of scale out-weights the loss arising from the difficulty in management due to larger firm size. As expected, variation in the efficiency by types of enterprise ownership is found. Joint ventures of any national background are more efficient as compared to wholly foreign-owned and state-owned enterprises. This result is consistent with those findings of Jones, Klinedinst and Rock (1998) . Note: Standard deviations are in parenthesis. 
